The History and Success of the Wood Duck Nest Box Program at Mackay Island National Wildlife Refuge by Hegge, William H.
Old Dominion University
ODU Digital Commons
II. Fauna Proceedings of the Back Bay Ecological Symposium1990
1991
The History and Success of the Wood Duck Nest
Box Program at Mackay Island National Wildlife
Refuge
William H. Hegge
U.S. Fish and Wildlife Service
Follow this and additional works at: https://digitalcommons.odu.edu/backbay1990_fauna
This Conference Paper is brought to you for free and open access by the Proceedings of the Back Bay Ecological Symposium 1990 at ODU Digital
Commons. It has been accepted for inclusion in II. Fauna by an authorized administrator of ODU Digital Commons. For more information, please
contact digitalcommons@odu.edu.
Repository Citation
Hegge, William H., "The History and Success of the Wood Duck Nest Box Program at Mackay Island National Wildlife Refuge"
(1991). II. Fauna. 3.
https://digitalcommons.odu.edu/backbay1990_fauna/3
The History and Success of the Wood Duck Nest 
Box Program at Mackay Island National Wildlife 
Refuge 
William H. Hegge 
U.S. Fish and Wildlife Service 
Mackay Island National Wildlife Refuge 
Knotts Island, North Carolina 27950 
Abstract: Coastal southeastern Virginia and northeastern North Carolina are considered to be within the 
primary breeding and wintering range of the Wood duck (Air sponsa). To restore and expand the local Wood 
duck population, Mackay Island National Wildlife Refuge introduced 37 pairs of pen-reared Wood ducks in 
1970. Concurrently, 34 nest boxes were erected on the refuge. The total number of nesting boxes h;is 
expanded at a moderate pace to where the number of boxes now totals 121. The nest box program during all 
or part of the 10 year period from 1980 - ·1989 was evaluated to: (1) assess general nesting success, (2) 
determine the extent of nest parasitism by European starlings (Sturnus vulgaris), (3) measure habitat preference, 
and (4) identify whether nest box checks made during the spring versus the winter affected accuracy/ 
reliability of nesting data. The accumulative mean rate of nesting success for 1980 - 1989 was estimated to be 
81 percent, while the rate of box use or nest starts for the same period was 77 percent. Between 1983 and 
1987, starling use of nest boxes grew from 18 to 54 boxes (200 percent). The corresponding mean rate of 
success for all nesting boxes with starling use declined from approximately 75 percent in 1983 to below 30 
percent in 1989. The mean hatching rate parallelled this decline. Commencing in 1987, a modified nest box 
design that permitted greater light penetration into the cavity was utilized for all box replacements and 
additions. The rate of starling use in the modified nest box was 20 percent less overall than that for the 
standard nest box design. Generally, no distinguishable preference was evident between nest boxes placed in 
open marsh, wooded/semi-enclosed, and marsh-wood edge habitats. When nest box designs were segregated 
by habitat type, the proportionate rate of starling use was greatest for those standard boxes in open marsh 
habitats. 
Wood duck nest box inspections occurred during both spring/summer and winter seasons from 1980-1989. 
The relative reliability of winter checks was determined to be equivalent to spring/summer inspections when 
the spring/summer data of 1980-1982 were compared to the winter records from 1983-1989. Black rat snakes 
(Elaphe obsoleta) were determined to be the principal nest predator. It is unlikely that the season of inspection 
will influence the reliability of the production estimate unless nest box predator populations undergo 
significant fluctuation. 
The data confirms the growth and fidelity of the Wood duck population on the refuge. Despite an inhibition 
by Wood ducks to pioneer into new territory, the data suggests that the Back Bay, North Landing River, and 
Currituck Sound watersheds have the nucleus of a breeding population, at the very least. The judicious 
selection, placement, and maintenance of nesting boxes, within these integrated watersheds, affords an 
opportunity to expand the breeding population. 
Introduction coastal southeastern Virginia and northeastern 
The estuaries of southeastern Virginia and North Carolina are within the primary range of 
northeastern North Carolina have played a vital concentrated Wood duck breeding and wintering 
role in the welfare of continental migratory populations (Bellrose, 1976.), concurrent oppor-
waterfowl populations. In particular, those tunities to strengthen and expand their status are 
drainages that form and include the Back Bay- good. In fact, traditional references to "summer 
North Landing River-Currituck Sound ducks" that predate migratory bird hunting 
watershed have contributed to the health and regulations confirm their fidelity to the area over 
maintenance of a wide variety of ducks, geese, a long period of time. 
and swans. The vast majority of these species, Mackay Island National Wildlife Refuge (NWR) 
however, breed largely in the north central was established in 1961. Generally, its mandated 
United States, Alaska, and Canada. With the purpose was as " ... an inviolate sanctuary for 
exception of incidental nesting by Mallards and migratory birds .... " Its functional objectives 
Black ducks (U.S. Fish and Wildlife Service, have focused on the provision and maintenance 
Mackay Island National Wildlife Refuge, 1984- of habitat for Greater snow geese and other 
1988), the most numerous breeding species of species of waterfowl. One element of the refuge 
waterfowl is the Wood duck (Air sponsa). Because program was directed toward the development of 
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artificial nesting structures for Wood ducks. The 
use and evaluation of nesting structures to 
increase or restore local Wood duck populations 
is well documented (McLaughlin and Grice 1952, 
Bellrose 1953, Bellrose 1976, Lee and Nelson 
1965). 
History 
Commencing in 1969, a program was instituted 
with the primary objective to restore a local flock 
of wild Wood ducks. A secondary objective of the 
first year was to determine habitat preferences 
for nesting locations. A total of 34 cypress nest 
boxes were erected on the refuge. On December 
5, 1969, 37 pairs of Wo6d ducks were delivered 
to the refuge. The birds were pen-raised at 
Patuxent Wildlife Research Center, Laurel, 
Maryland. They were kept in a holding pen on the 
refuge through February 11, 1970. On that date 
72 birds were banded, wing-bleached, and 
released (two drakes died in captivity) (Flor-
schutz, 1970). Similar projects had been initiated 
at other National Wildlife Refuges in the sou-
theast, ostensibly to establish local flocks of Wood 
ducks (Lane, Bond, Julian , 1968). These were 
generally more intensive because of a recognized 
absence of natural cavities and estimated low 
natural production. No known assesssment of 
natural cavities at Mackay Island NWR, however, 
was -undertaken. 
Since 1970, artificial nesting structures for 
Wood ducks have been part of the management 
program at Mackay Island NWR. Documentation 
of nest box success was mostly limited from 1970-
1979. During that period, it can only be reported 
that use of nesting structures was on average 
below 50 percent, while total available boxes had 
been increased to 76. 
Beginning in 1980, a three year program 
evaluation was initiated by refuge personnel 
(McMinn, 1982). The assessment was premised 
on the assumption that mid-winter nest box 
inspections were a questionable method for 
accurately estimating nesting success. Several 
other parameters were also evaluated. Between 
1980 - 1982, all nest boxes were examined every 
two to five weeks from April through September 
(n=70-80). It was generally concluded that winter 
inspections were inaccurate and a better estimate 
could be made by one April check with a corres-
ponding statistical analysis. This procedure, 
however, did not preclude the need for winter 
maintenance inspections. The mean number of 
eggs hatched/successful nest was found to be 10.4 
eggs. This estimate was consistent with other 
findings (Bellrose, 1976). 
Additionally preliminary findings of this three 
year study inferred that nest parasitism by 
European starlings was increasing. Furthermore, 
the influence of habitat type on nest success was 
determined to be insignificant. 
Study Area 
Mackay Island NWR is approximately 3198 
hectares (ha) in size and straddles Back Bay, 
Currituck Sound, and the North Landing River. 
Wood duck nesting structures have been placed 
in an area which encompasses an estimated 1600 
ha. Nest boxes erected in 1970, or their replace-
ments, are still predominately in the original 
locations. With the exception of two or three 
boxes, all structures have been placed on Mackay 
Island proper or in the adjoining marshes. As of 
1990, a total of 121 boxes were in place. No boxes 
have been erected north of State Route 615. All 
nest boxes are constructed of one inch rough 
cypress. They are mounted on standard 4 x 4 
treated wood posts and fitted with metal predator 
shields. 
Three impoundments are managed for water-
fowl on Mackay Island - the East, Middle, and 
West pools. They comprise approximately 405 ha. 
Each is managed differently, the East Pool (142 
,ha) is managed for submerged aquatic vegetation; 
the Middle Pool (203 ha) as a combined green tree 
reservoir and for moist soil plants; and the West 
Pool (12 ha) is managed exclusively as a moist soil 
unit. The surrounding habitat encompasses 
emergent, scrub-shrub, and forested estuarine 
wetlands (Cowardin, L.M., V. Carter, F.C. Golet 
and, E.T. LaRoe, 1979) interspersed with creeks, 
ponds, embayments, and smaller drainages. 
Croplands are present on Mackay Island, and the 
adjoining lands of Knotts Island. 
Methods 
From 1983 to 1989, all nest box inspections were 
conducted between the months of January and 
March. Nest box checks were made during the 
spring and summer for the nesting years of 1980 
- 1982. Additionally, one partial summer inspec-
tion was conducted in 1989 when a sample of 33 
boxes was monitored between May and June. 
Knowledgeable and experienced, full-time 
employees have conducted the inspections every 
year since 1984. Prior to the 1983 nesting year, 
refuge staff, Youth Conservation Corps, Young 
Adult Conservation Corps, and trained volun-
teers checked nest boxes. 
Commencing with the 1983 nesting year, all 
existing data on Wood duck nesting, were 
systematically compiled to document and evalu-
ate eleven program elements. The existing data 
from 1980 - 1982 were adapted to this format 
inasmuch as the reported data were applicable or 
available. The elements that were annually 
documented were: 1) Box Number, 2) Location, 
3) Habitat Type, 4) Maintenance, 5) Contents, 
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6) Attempt, 7) Success, 8) Wood ducks Hatched, 
9) Unhatched Eggs, 10) Box Type, and 11) Other 
Use. 
Box Number and Location were used for 
administrative purposes. Habitat type conformed 
basically with designations used during the 1980-
1982 study. They were: (1) Open Marsh; (2) 
Wooded - woody vegetation within three meters 
and box semi-enclosed on a minimum of three 
sides; and (3) Marsh/Wood Edge. Contents were 
identified as either none or Wood duck. This was 
based upon clear evidence of Wood duck use - nest 
building/presence of down, eggs, egg fragments 
or membranes. Attempt was numerically 
recorded and premised upon the content of the 
box. Success was numerically recorded also and 
only considered evident if egg fragments or egg 
membranes were present. The number of Wood 
ducks Hatched was correlated to Success and 
assumed that ten eggs hatched from each suc-
cessful nest (survival was computed at 50 percent 
of hatch). This was consistent with findings in the 
1980-1982 study and other documented research 
(Bellrose, 1976) (Semel, Sherman, Byers, 1988). 
Additionally, it conformed to U.S. Fish and 
Wildlife Service (FWS) administrative guidance. 
Unhatched Eggs were reported numerically when 
found. Box Type listed whether a structure was 
standard 1ong" type or modified "short" type. 
Lastly, Other Use documented any observable 
evidence of other wildlife use. 
Definitions 
Two nest box types were uti~.zed during part of 
the evaluation period. The standard nest box 
refers to the traditional, one-inch thick wood 
(cypress) structure with nominal outside dimen-
sions of 61.5 centimeters (cm) by 30.8 cm reduced 
by 2.6 cm on the front box panel to allow for 
drainage (U.S. Department of the Interior, Fish 
and Wildlife Service, 1976). The short nest box 
refers to a non- traditional, one-inch thick wood 
(cypress) structure with nominal outside dimen-
sions of 43.6 cm by 30.-8 cm. It was likewise 
reduced by 2.6 cm on the front box panel. 
A "'dump nest" was defined as any nest paras-
itized by another Wood duck and had greater than 
15 eggs (Grice and Rogers 1965, Haramus and 
Thompson 1985). Nest parasitism by European 
Starlings (Sturnus vulgaris) was reported as evi-
dence of use when any individuals, their nest 
material, eggs, or egg fragments were present. A 
successful nest was one from which it could be 
inferred that at least one duckling hatched. 
Results 
Program Development and Continuity 
Prior to 1980, Wood duck nest box records 
reflected discontinuity due to staff turnover and 
size. Volunteers and temporary employees 
performed nest box checks as well as the few, full-
time employees. No real attempt was made to 
assess the success of the program until 1980. No 
significant program expansion occurred between 
1980-1985. With the exception of the period 
between 1985-1986, fewer than ten new nest 
boxes were erected in any given year during the 
period between 1980-1989. The annual rate of 
box growth was on average five boxes (6 percent). 
The accelerated growth of the program between 
1985-1986 was in response to a major manage-
ment initiative that resulted in the development 
of the East Pool impoundment. This impound-
ment provided the most extensive brood habitat 
on the refuge, consequently, the majority of the 
additional boxes were located in this area. 
Overall, the annual growth of the program has 
been intentionally maintained at a low rate. The 
purpose for this strategy was predicated on: (1) 
discouraging any increase in the number of nest 
box competitors; (2) maintaining densities of nest 
structures that were comparable to natural 
conditions, and (3) moderating the costs of 
program development and maintenance over an 
extended period of time. 
Rates of Success 
Table 1 summarizes the ten year results of the 
program. With the exception of the period 
between 1980-1982, all data are based upon 
winter nest box checks. The rate of success is 
measured as a ratio of the number of successful 
nests/number boxes used by Wood ducks. During 
the same period, the mean number of Wood ducks 
hatched ranged from four to eight ducklings with 
an overall mean of six ducklings (Figure 1). 
Factors Affecting Success 
Factors which do influence the breeding biology 
of Wood ducks are diverse and numerous. During 
the seven year nest box evaluation period from 
1983-1989 an assessment was made of two 
factors for their relative affect on nesting 
success-nest parasitism by European starlings 
and habitat type. These were evaluated as a 
followup to the refuge study conducted from 
1980-1982. Both factors were evaluated inde-
pendently and relative to each other. 
Nest Parasitism by European Starlings 
Nest parasitism by European starlings in man-
aged Wood duck nest box programs has been a 
persistent cause of nest abandonment in some 
areas (Bellrose, 1976). Nest box checks at Mackay 
Island NWR confirmed that nest parasitism by 
starlings was increasing as early as 1984. Figure 
2 depicts the total number of boxes with starling 
use observed from 1983-1989 and the corres-
ponding effect on the number of unhatched eggs. 
This record reflects starling use as measured 
during winter or post-season checks. In addition, 
no regular program of starling control was 
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instituted during this period. Therefore, this 
assessment was unbiased by any attempt to 
remove or trap starlings. 
Competition by starlings has been evident 
from the inception of the program in 1970, 
however use data have only been documented 
since 1983. The FWS Breeding Bird Survey Trend 
for the regional strata that includes the coastal 
plain of North Carolina and southeastern Virgi-
nia estimated an average annual increase in the 
starling population of approximately 1 percent 
for the period of 1966-1987. The 1988-1989 
estimate for North Carolina and Virginia, how-
ever, lists an average annual population decline 
of 7 percent and 5 percent, respectively; the 
estimate for the regional strata showed an 
average decline of 10 percent for the same period 
(U.S. Department of the Interior, Fish and 
Wildlife Service, Breeding Bird Survey Trends, 
1966-1987/1988-1989). Although these data 
seemingly parallelled the trend in starling use at 
Mackay Island, no direct relationship can be 
demonstrated. 
Since 1983, the contrasting affect on nesting 
success for boxes with and without observed use 
by starlings was notable (Figure 3). By 1985, the 
rate of nest box use by starlings had reached 40 
percent (Table 2). Correspondingly, the Wood 
duck nesting success rate had declined to below 
50 percent in those boxes with starling use. The 
effect of starling use on the hatching rate 
paralleled nesting success when the number of 
eggs hatched/nest declined from nearly seven in 
1984 to one in 1989 (Figure 4). 
An initial attempt to alleviate nest parasitism 
by starlings was made in 1985 when 22 starling 
nest boxes were installed adjacent to Wood duck 
nesting boxes. In 1986, it was determined that 
these additional boxes did not reduce starling use 
in Wood duck boxes, but only served to contribute 
to the starling population. They were subse-
quently removed. 
Commencing in 1987, the refuge developed a 
conceptual design for all additional and replace-
ment nesting boxes. That design permitted 
greater light penetration into the cavity. The 
concept was predicated upon previous success 
with starling deterrent structures (McGilvrey 
and Uhler, 1971). This initiative was supported 
further by comparative analysis of four nest box 
designs. Specifically, a comparison of standard 
metal, wood, Tom Tubbs and Plastic Bucket 
designs revealed significantly lower rates of 
starling use in those structures that had shal-
lower cavities (height from bottom of entrance 
hole to top of nest material) and smaller diame-
ters. Additionally, of those four designs, Wood 
ducks appeared to select more natural or wood 
structures over other types (G. Souliere, 1985). 
Figure 5 illustrates the basic design that has been 
used since 1987. 
Use rates for the short box were compared to 
the standard box design (Table 2). Only three 
years of data exist and short boxes account for 
only 23 percent of the total box inventory, 
nevertheless, the overall rate of starling use in 
"short" boxes was nearly 20 percent less than that 
for standard boxes. This rate remained consistent 
when both groups of data were compared for 
years 1987-1989. 
Habitat Types 
Since 1983, no consci'ous effort or method has 
been employed to apportion new or replacement 
nest boxts according to habitat type. No record 
of any such effort exists prior to 1983 except in 
1970 when a decision was made to place the first 
34 boxes in each habitat type represented on the 
refuge (0. Florschutz, 1970). 
The effect of box placement in relation to 
different habitat types has been demonstrated to 
influence nest hatchability (ducklings produced/ 
total eggs laid), or the general efficiency of Wood 
duck nesting attempts (Semel, Sherman, Byers; 
1988). Nest hatchability, relative to habitat type, 
was not assessed as part of this evaluation. The 
mean comparative nesting success was deter-
mined for the three habitat types - (1) open 
marsh, (2) wooded/semi-enclosed, and (3) marsh/ 
wood edge. Table 3 depicts the relative apportion-
ment of all boxes by habitat type for 1980-1989. 
The success rate for the period between 1980-
1982 was viewed separately because the data 
were collected during summer inspections as 
compared to that obtained between 1983-1989. 
. Both data sets were combined and a mean nesting 
success was determined for the entire period 
from 19130-1989 (Figure 6). It was concluded from 
the 1980-1982 data that there was no significant 
preference for one habitat type over another 
since the rates of success in each habitat type 
were proportionate to the rates of total nest box 
use and total number of nest boxes (McMinn, 
1982). Comparison of nesting success with 
habitat type from 1983-1989 seemed to confirm 
this as the proportionate number of nest boxes 
in each habitat type became more balanced 
(Figure 6). 
Effect of Habitat and Nest Box Type on Starling 
Use 
Habitat type did proportionately affect the rate 
of starling use in standard nest boxes. When nest 
box designs were segregated by habitat type, the 
proportionate rate of starling use was greatest 
for those standard boxes in open marsh habitats. 
By contrast, the rate of starling use in short nest 
boxes was disproportionately low in two of three 
habitat types represented (Table 4). It had been 
previously suggested that both nest box design, 
and placement influence species selection. (G. 
Soulliere, 1985). In this case, the data suggest that 
starling selection is habitat and nest box type 
dependent. 
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Season Affect on Reliability of Nest Box Checks 
The accuracy and dependability of winter nest 
box checks (post season) versus spring/summer 
nest box checks has been routinely questioned 
since the inception of the program in 1970. 
Spring/summer box checks were thought to be 
significantly more reliable than winter checks and 
a subsequent equation was developed to estimate 
production from one spring inspection (McMinn, 
1982). By 1989, enough data were available to 
determine whether the accuracy of nest box 
checks is season dependent. 
Since the nesting data for 1980-1982 were 
gathered during the spring/summer, it could be 
contrasted with that information collected in the 
winter between 1983-1989. Additionally, a 
sample of 33 boxes was monitored during the 
spring of 1989; the results of the spring inspec-
tion were later compared to a "blind" follow-up 
winter check. A Chi square statistical analysis of 
the data sets between 1980-1989 was used to 
assess whether successful or unsuq:essful nest 
classifications were independent of the time of 
year when boxes were checked. A similar test was 
applied to the 1989 sample survey data. In both 
cases, no relationship was demonstrated to exist 
between the time of year when boxes were 
checked and data reliability. The tests were 
performed at the 95 percent confidence level. In 
a further comparison of the sample spring nest 
box check with the winter inspection of 1989, it 
was found that 82 percent of the winter checks 
conformed correctly with the spring observations 
(Table 5). Although the Chi square test did not 
account for the possibility of a trend through the 
years, the comparative rate of success for all years 
appeared to discount it (Figure 7). 
Discussion 
Program Success and Failure 
It is evident that the program has been a qualified 
success since its institution in 1970. The initial 
program, however, probably only served to 
reinforce the fidelity and strengthen the existing 
local population. Aerial watertowl surveys of 
Back Bay and Currituck Sound conducted during 
early fall months and mid-winter periods have 
essentially confirmed the presence of breeding 
and wintering Wood ducks prior to 1970 (Sincock, 
1966). Under normal conditions, aerial censuses 
would be less than reliable for this species, 
thereby further suggesting that an unknown 
segment of the population was discounted 
altogether. 
Although the program is considered to be 
successful, it can only be rated as such within the 
parameters of the program. For instance, as the, 
program has evolved, minimal time has been 
expended toward assessing the extent of intras-
pecific brood parasitism or dump nesting on the 
overall productive efficiency of the program. 
Only from 1980-1982 was any reliable measure-
ment of dump nesting recorded. During that · 
period, it was found that approximately 30 
percent of all nests checked were dump nests 
(McMinn, 1982). Additionally, 24 percent of the 
sample survey in the spring of 1989 were dump 
nests. A thorough assessment of dump nesting 
would necessitate monitoring all boxes each 
spring for several years. In view of recent 
research on brood parasitism and nest box 
placement (Semel, Sherman, and Byers, 1988.), 
however, it may be more cost effective to relocate 
single/paired boxes from open marshes to more 
compatible enclosed, wooded habitats on the 
refuge. 
Effects of Nest Parasitism by Starlings 
The factors influencing the prevalence of sta-
rlings in southeastern Virginia/northeastern 
North Carolina are variable. Agricultural practi-
ces, however, likely contribute to their presence. 
These practices are intensive and crop rotations 
are systematic. Two of three crops in standard 
rotations are grain crops. In fact, refuge croplands 
incorporate these same cropping practices. So 
long as these systematic and intensive cropping 
practices continue, some associated level of 
starling use will be present. 
Thus far, interspecific competition by starlings 
has been profound, even where grain crop 
acreage has declined. It is clearly the most serious 
detraction to the continued success of the 
program. Research that addresses starling con-
trol techniques in managed Wood duck nest box 
programs supports the use of nesting structures 
that permit greater light into the cavity. The 
limited application of the modified design at 
Mackay Island has demonstrated parallel results. 
In view of these considerations, any further 
expansion of the program, beyond the present 
number of boxes, should employ the use of the 
modified nesting box (Figure 5). Replacement 
boxes should also be of the modified type until 
data otherwise refutes their effectiveness. 
Effect of Habitat and Nest Box Type on Starling 
Use 
Habitat was notably not an independent influence 
on the success or failure of nesting Wood ducks. 
The absence of any clear preference for nest 
boxes in any one habitat type suggests 1) an 
absence of suitable natural cavities and/or 2) the 
presence of a high population density and/or 3) 
no truly significant difference in the visibiHty of 
boxes in each habitat type. Indeed, most timber 
on the refuge has been cut several times prior to 
its establishment. The latest logging occurred in 
the 1950's. 
Since 1980, very few existing nesting boxes 
have been relocated to different habitat types 
within the refuge. The relative greater use of 
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standard nest boxes by starlings in open marsh 
habitat would indicate that nest box manipulation 
is warranted. 
Experimental manipulation of nest box prox-
imity and visibility have met with success in 
reducing Wood duck brood parasitism. Similarly, 
it has been reported that nest box visibility may 
increase the frequency of parasitism among hole 
nesting passerines (Semel, Sherman, and Byers, 
1988). This would further support the advisabil-
ity of relocating and converting a segment of the 
standard nest boxes now located in open marshes. 
Effect of Season on the Reliability of Nest Box 
Inspection Data 
The season that nest boxes are checked at Mackay 
Island NWR appears to only affect the level of 
exactness in the production estimate derived. 
This is due to the fact that other seasonal and 
non-seasonal related factors, such as box condi-
tions, predator control/population(s), diversity of 
cavity nesting avian species, and observer skill 
have been previously considered and accounted 
for during nest box inspections. Since 1980, the 
program at Mackay Island NWR has sought to 
evaluate and address most of these factors which 
limit the accuracy of nest box inspection data. 
Without exception, all nest boxes have been 
maintained annually including structural preda-
tor controls . Mammalian predators, primarily 
raccoons, were found to have a negligible impact 
on Wood duck nests; Black rat snakes (Elaphe 
obsoleta) were considered to be the principal nest 
predator; five species of birds (excluding sta-
rlings) and grey squirrels were also identified 
during box checks, however none were deemed 
significant nest box competitors (McMinn, 1982). 
Lastly, observer error has been minimized since 
1984 by employing knowledgeable and expe-
rienced, full-time refuge staff members to 
conduct the inspections . Unless significant 
fluctuations of nest box predator populations 
occur, it seems unlikely that the season of 
inspection will influence the reliability of the 
production estimate. 
Conclusion 
The presence of a strong local nesting Wood duck 
population at Mackay Island NWR is evident. The 
presence of local nesting and wintering Wood 
ducks across the broader area of the Back Bay-
North Landing River-Currituck Sound 
watershed can also be presumed to exist. The 
implications of incorporating expanded nesting 
box programs within this larger area, however, 
are not clear. At Mackay Island NWR, the 
program has been closely managed to generally 
insure that production is sustained. Brood habitat 
quality and proximity has been improved by 
diversifying waterfowl management areas. It is 
obvious that an equivalent approach cannot be 
applied over such a large area, therefore program 
scale, habitat needs and a reasonable assurance 
that boxes will be maintained annually are 
primary considerations. 
Areas should be viewed as to whether: 1) 
artificial nesting structures are necessary, 2) 
habitat provides the necessary components for 
Wood duck production, and 3) box designs will be 
used by Wood ducks; but deter local predators/ 
competitors (Squliere, 1985); additional consider-
ation should focus on program effectiveness 
rather than size. At Mattamuskeet NWR, for 
example, the program encompasses 175 nest 
boxes. Even though Wood duck nesting is evident, 
only a small percentage (+/- 20 percent) of it is 
actually estimated to occur in boxes (Davis, 1990). 
In view ,of these considerations and the results at 
Mackay Island NWR, a prudent approach to the 
institution of broader program within the Back 
Bay-North Landing River-Currituck Sound 
watershed would seem to enhance the overall 
status of this species. 
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Table I. Summary of Wood Duck Nesting Success at Mackay Island NWR 1980-1989 
Year 80 81 82 83 84 85 86 87 88 89 
Available Boxes 70 73 80 81 77 80 103 107 112 121 
Boxes Used/Nest 57 46 45 51 68 78 68 90 96 97 
Starts 
(%) (81) (63) (56) (63) (88) (98) (66) (84) (86) (80) 
10 Year Average= 77% 
Successful Nests 44 39 38 49 65 52 62 75 60 79 
(%) (77) (85) (84) (96) (96) (67) (91) (83) (63) (81) 
10 Year Average= 81% 
Est. # Ducklings 495* 371* 386* 490 650 520 620 750 600 790 
Leaving Nest 
* Actual count by summer inspection 
Table 2. Mean Rate of Starling Use for Standard Nesting Boxes - 1983-1989 
Year Total Standard Boxes Boxes With Use Percent 
1983 81 18 22% 
1984 77 22 29% 
1985 80 32 40% 
1986 103 34 33% 
1987 105 53 50% 
1988 97 26 27% 
1989 93 9 10% 
Total 636 194 30% 
Mean Rate of Starling Use for Short Nesting Boxes - 1987-1989 
Year Total Standard Boxes Boxes With Use Percent 
1987 2 1 50% 
1988 15 4 27% 
1989 28 0 0% 
Total 45 5 II% 
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Table 3. Nest Box Apportionment by Habitat Type 
Wooded/ Marsh/Wood 
Year Marsh (%) Semi-Enclosed (%) Edge (%) Total Boxes 
1980 37 (53) 19 (27) 14 (20) 70 
1981 38 (52) 19 (26) 16 (22) 73 
1982 39 (49) 24 (30) 17 (21) 80 
1983 39 (48) 25 (31) 17 (21) 81 
1984 38 (49) 24 (31) 15 (20) 77 
1985 40 (50) 25 (31) 15 (19) 80 
1986 41 (40) 25 (24) 37 (36) 103 
1987 41 (38) 27 (25) 39 (37) 107 
1988 42 (38) 33 (29) 37 (33) 112 
1989 43 (36) 32 (26) 46 (38) 121 
Table 4. Habitat Distribution for Standard Nesting Boxes with Starling Use -1983-1989 
Marsh Wooded/Semi-Enclosed Marsh/Wood Edge 
Total Use Total Use Total Use 
Year Boxes Rate (%) Boxes Rate (%) Boxes Rate (%) 
1983 39 l.? (33) 25 1 ( 4) 17 4 (24) 
1984 38 j_.i (37) 24 5 (21) 15 3 (20) 
1985 40 25 (63) 25 5 (20) 15 2 (13) 
1986 41 17 (41) 25 4 (16) 37 13 (35) 
1987 41 29 (71) 27 13 (48) 39 11 (28) 
1988 42 8 (19) 33 11 (33) 37 7 (19) 
1989 43 3 ( 7) 32 5 (16) 46 1 ( 2) 
Totals 284 109 (38) 191 44 (23) 206 41 (20) 
(42) (28) (30) 
Habitat Distribution for Short Nesting Boxes with Starling Use - 1987-1989 
Marsh Wooded/Semi-Enclosed Marsh/Wood Edge 
Total Use Total Use Total Use 
Year Boxes Rate (%) Boxes Rate (%) Boxes Rate (%) 
1987 0 0 (-) No Boxes 2 1 (50) 
1988 IO 2 (20) No Boxes 5 2 (40) 
1989 15 0 (-) No Boxes 13 0 ( 0) 
Totals 25 2 (8) 
--- 20 3 (15) 
(56) (44) 
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Figure 2. Total Annual Number of Nest Boxes with Evidence of Starling Use. 
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Figure 3. Mean Success for All Nest Boxes with Evidence of Starling Use. 
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Figure 4. Mean Hatching Rate for All Nest Boxes with Evidence of Starling Use. William Hegge 
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41 cm 
"SHORT" WOOD DUCK NEST BOX 
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Figure 7. Comparative Mean Success Rate for Inspection Seasons/Surveys, 1980-89. William Hegge 
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